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® Immunoassays using microparticles containing different detectable substances. 

® A process for assaying at least one analyte uses 
a tracer which includes multiple detectable sub- 
stances. A tracer composition includes at least one 
ligand labeled with a particulate label, the particulate 
label containing at least one detectable substance. 
Two . or more detectable substances In the assay 
may be In the same particulate label or in different 
particulate labels conjugated to different ligands. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to binding assays, par- 
ticularly innmunoassays, using a detection system 
with more than one detectable substance. 

2. Brief Description of the Prior Art 

Problems confronting' the art of immunoassays 
have included the difficulty of simultaneous detec- 
tion of more than one analyte, a need for detect- 
able labels ^to measure analytes, a need for .good 
visual determination of label with or without In- 
strumentation, a need for discrimination of signal 
above noise if instrumentation Is used and a need 
for increased sensitivity. 

To increase sensitivity and allow visual detec- 
tion in assays, analytes, that is, antibodies, anti- 
gens or haptens, have been labeled with dyes or 
fluorochromes. For example. U.S. Patent No. 
4,695,554 describes sacs or liposomes containing 
a single dye for use in Immunoassays. 

U.S. Patent No. 4,703.017, the entire disclosure 
of which is herein Incorporated by reference, de- 
scribes a solid phase assay using a single colored 
particulate label such as a liposome including a 
dye. 

U.S. Patent No. 4,745,075 describes agglutina- 
tion assays using two or more insoluble colored 
particles such as non-vlable bacterial cells, alginate 
particles, sepharose beads, silica, alumina, eryth- 
rocytes and polymer latexes. The particles are 
adapted to form different colored agglutinates de- 
pending on the presence 'Of specific ligandS: - 

' As is known by the skilled artisan, agglutination 
assays, e.g. the Weil-Felix Test, the Latex Particle 
Test, agglutinations mediated by lectins or by 
fibrinogen, etc., do not use solid supports. Agglu- 
tination assays use visual and microscopic detec- 
tion of aggregates which are suspended or ag- 
gregated. 

There is need for a more sensitive assay than 
one which relies on a single colored particulate 
label or color related agglutination. A technique for 
the enhancement of signal has now been discov- 
ered through the use of multi-colored particulate . 
labels in an assay which utilizes a solid support. 

SUMMARY OF THE INVENTION 

The invention is a process for assaying for at 
least one analyte. The analyte and a tracer are 
contacted with a binder on a support under assay 
conditions. The tracer comprises at least one par- 
ticulate label connected to at least one llgand. the 
particulate label including at least one detectable 



substance. The tracer includes at least two detect- 
able substances which are preferably dyes. 

At least two different detectable substances 
may be present in the tracer in different ways. The 
5 , tracer may Include a first particulate label with at 
least one ligand, the first particulate label including 
a first detectable substance, and a second par- 
ticulate label with a second ligand that binds to . a 
ligand on the first particulate label, the second 

10 particulate label including a second detectable sub- 
stance which Is different than the first detectable 
substance, as illustrated in Figure 1. The tracer 
may include at least two different ligands, each 
ligand labelled with, a Particulate label, containing a 

75 different detectable substance for each type of 
ligand as illustrated in Figure 2. The tracer may 
include one ligand with a particulate label which 
contains at least two different detectable sub- 
stances as illustrated in Figure 3. 

20 The labels are detected after the tracer is 

bound to the binder or the tracer is bound to at 
least one analyte bound to the binder. 

Some advantages of this assay are enhanced 
sensitivity, the ability to detect more than one an- 

25 . alyte at the same time, the elimination of confusion 
between reagents, and the ability to simultaneously 
detect more than one wavelength at the same time 
In Instrumental analysis allowing greater discrimina- 
tion of signal above noise. The invention also pro- 

30 vides an assay tool which can be tailored for many 
different types of assays; 

For a better understanding of the present in- 
vention, together with other and further objects, 
reference Is hereby made to the following descrip- 

35 tlon, taken together with the accompanying draw- 
ings, and its - scope" will be pointed out in 'the- 
appended claims. 

BRIEF DESCRIPTION OF THE FIGURES 

40 

Figure 1 is a schematic representation of an . 
assay using a tracer with a first labeled lipo- 
some conjugate which binds a second labeled 
liposome conjugate; 

45 Figure 2 Is a schematic representation of an 
assay using a tracer with different labeled lipo- 
some conjugates which bind to different binders; 
Figure 3 is a schematic representation of an 
assay using a tracer with a liposome conjugate 

50 with one particulate label and two detectable 
substances; 

Figure 4 is a graph representing an absorbance 
scan of liposomes containing light green-SRB 
that were lysed in 0.5% SDS; 
56 Figure 5 is a graph representing an absorbance 
scan of . light green-SRB dye mixture in 0.5% 
SDS; 
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Figure 6 is a graph representing an absorbance 
scan of lysed liposomes that contained chrome 
azurol-SRB-light green; 

Figure 7 is a graph representing an absorbance 
scan of chrome azurol - SRB - light green dye 
mixture in PBS; 

Figure 8 is a graph representing an absorbance 
scan of chrome azurol-SRB-light green dye mix- 
ture in SDS. 

DETAILED DESCRIPTION OF THE INVENTION 

The material used as a binder is selected for 
the particular assay chemistry involved, consider- 
ing the analyte to be assayed and the specific 
assay procedure, e.g.. competitive, sandwich. Pref- 
erably, the binder is a specific binding species 
comprising one member of a specific pair, e.g., an 
antigen or antibody. Selection of a suitable binder 
is vyithin the scope of those skilled in the art. 

The type of binder to be used Is dependent 
upon the analyte to be assayed and the specific 
assay procedure. The binder may be an antibody, 
including serum, polyclonal or monoclonal anti- 
bodies, an antigen, a protein specific for the ma- 
terial to be bound, or a naturally occurring binder. 
Thus, for example, in a competitive type assay for 
an antigen or hapten,. the binder may be an anti- 
body or a naturally occurring substance which is 
specific for the tracer and antigen or hapten. If the 
assay is for an antibody, then the binder may, for 
example, be an antigen or an antibody which is 
specific for the antibody to be assayed. In a sand- 
wich type assay, wherein the analyte is an anti- 
body, the binder, may, be an antigen for . the anti- 
body, or a protein such as protein A which selec- 
tively binds Fc fragments of certain antibodies. In a 
sandwich assay, if the analyte is an antigen, e.g. 
having more than one epitope or determinant site, 
then the binder may be an antibody or naturally 
occurring binder which is specific for the antigen to 
be assayed. 

A binder is used in an assay In supported form. 
The support may be porous or non-porous. Porous 
and non-porous supports are well known to those 
skilled in the art. Similarly, the .methods for se- 
curely attaching a binder to a solid support are well 
known to those skilled in the art. Thus, the binder 
may be attached through covalent or non-covalent 
bonding, directly or indirectly. Preferably the binder 
is adsorbed to a solid support. 

Supports include a wide variety of materials 
known to be suitable as supports for a binder in an 
assay. Non-limiting representative examples in- 
clude nitrocellulose, polymers such as nylon or 
latex, glass particles, etc. The solid support may be 
in a variety of forms, including sheets, tubes, cards, 
test strips, microtiter plates, etc. 



The solid support is one which has a surface 
area (area/unit weight of material) such that the 
binder can be supported on the support in a con- 
centration (weight/unit area) such that the tracer is 
5 detectable under assay conditions. Detectable 
means either that the label can be seen with the 
naked eye or can be detected with an apparatus 
such as a spectrophotometer or fluorometer. 

An analyte is detected in an assay with the use 

10 of a tracer. Preferably, the tracer is comprised of a 
specific binding portion coupled to a particulate 
label. Thus if the tracer is to be used in a competi- 
tive antibody/antigen assay, the specific binding 
portion would be the analyte or an appropriate 

15 analog thereof. If the assay is a * sandwich 
antigen/antibody assay.- the specific binding portion 
would specifically bind the analyte. Those skilled in , 
the art will also appreciate that the tracer system 
may further comprise amplification systems. Thus 

20 under assay conditions the tracer may. bind to the 
analyte in an indirect manner rather than directly. 

The preferred tracer has at least one par- 
ticulate label coupled to at least, one ligand, the 
particulate label containing at least one detectable 

25 substance; the total tracing system including at 
least two detectable, substances. :f. 

The choice of ligand to be labeled for. use as a 
tracer depends on the analyte to be assayed, and 
the assay procedure. The ligand is a substance 

30 capable of being bound by a binder. Ligands in- 
clude antigens (e.g. proteins, polysaccharides, nu- 
cleic acids, peptide hormones, steroids; drugs, 
bacteria, viruses., tumor antigens,, enzymes, vita- 
mins); haptens; and antibodies (polyclonal and 

35 monoclonal). Non-limiting examples of antigens (or 
their corresponding antibodies)- which may be^ as- 
sayed using the present invention include malaria, 
Streptococcus, influenza, rubella, meningococcus, 
Candida, respiratory syncytial virus. HIV, tumor. 

40 markers, digoxin, theophylline, ferritin, FSH, LH, 
prolactin, testosterone, progesterone, HCG, TSH, 
T4, T3. ' 

The particulate label Is a colored particle with a 
diameter of from about 0.01 um to about 10 um. 

45 The colored particle may be solid or solid-like, as 
opposed to non-solid soluble labels such as 
radioisotopes and enzymes. Solid-like particulate 
labels include vesicles, microcapsules and stabi- 
lized colloidal particles- 

50 A preferred particulate label is a sac which 

includes a substance whereby the tracer when 
used in the assay is detectable. The sac which is 
used as the particulate label may be any one of a 
wide variety of sacs, including but not limited to 

55 liposomes (singled walled or multi-lamellar), poly- 
mer microcapsules, for example those made by 
coacervation or interfacia! polymerization, and sta- 
bilized colloidal particles. 
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Liposomes can be prepared from a wide vari- 
ety of lipids, including phospholipids, glycolipids, 
steroids, relatively long chain alkyi esters; e.g. alkyi 
phosphates, fatty acid esters; e.g. lecithin, fatty 
amines, and the like. A nnixture of fatty materials 
nnay be employed, such as a combination of neu- 
tral steroid, a charged amphiphile and a 
phospholipid. Illustrative examples of phospholipids 
include lecithin, sphingomyelin, and dipalmitoyi 
phosphatidylglycerol. Representative steroids in- 
clude cholesterol, cholestanol, lanosterol, and the 
like. Representative charge amphiphilic compounds 
generally contain from 12 to 30 carbon atoms. 
Mono- or dialkyi phosphate esters- or alkyamines; 
e.g. dicetyl phosphate, stearyl amine, hexadecyl 
amine, dilaurylphosphate, and the like are repre- 
sentative. 

The preferred detectable substance used in the 
particulate label is a visible substance, more prefer- 
ably, a dye. Dyes are chemical compounds which 
have color due to the interaction of light with the 
electron system of the molecule. Dye molecules 
may have ionlzable groups called auxochromes, 
e.g. -NH2, -OH. through which the chromophore 
can bind to a target molecule. Dyes may contain 
no anionic or cationic groups, such as 4- 
(dicyanomethylene)-2-methyl-6-(p- 
dimethylaminostyryl)-4H-pyran, or may consist of 
polycyclic rings, such as pyrene, or may consist of 
aromatic rings connected by conjugate alkyi 
chains, such as 1,6-diphenyl-1,3,5-hexatriene. Un- 
saturated chromophoric groups may be responsible 
for the color, e.g. -NO2, -N = N- and =C0, i.e. 
quinoid rings, xanthenes, azines, thiazines, azos, 
nitros, triarylmethanes, acridines and many others. 
Non-limiting examples of the *- dyes , include sul- 
forhodamine B (a xanthine amino dye with a red 
fluorochrome) light green SF yellowish (an anionic 
triphenylmethane dye), chrome azurol S (a 
triphenylmethane dye), brilliant blue FCF (a blue 
acid triphenylmethane dye), and nile red (a fat- 
soluble, solvent oxazone dye). The dyes may be 
water soluble or lipophilic. 

The dye concentration is adjusted by methods 
known to those skilled in the art according to the 
solubility properties of the dye and optimized for 
the desired detection as well as for stability. 

The preparation of sacs containing dye for im- 
munoassay is described in U.S. Patent No. 
4,695,554, the entire disclosure of which is herein 
incorporated by reference. 

Although the dye used in the sac is an absorb- 
ing dye, such dyes may also have fluorescent 
properties. Therefore, within the scope of the in- 
vention, the dyes may be detected by fluorescence 
rather than by absorption characteristics. 

Representative examples of other detectable 
substances which may be employed include fer- 



ritin, phycoerythrins or other phycobiliproteins; or- 
ganometallic complexes, e.g., phthalpcyanines, 
porphyrins, lanthanide chelates; fungal, algal or 
bacterial pigments or derivatives such as bacterial 
5 chlorophylls; plant materials or derivatives, and the 
like. 

The liposomes sacs may- be prepared in an 
aqueous solution of colored substance and as a 
result the substance is incorporated into the lipo- 

10 some. The liposomes sacs may be prepared by 
vigorous agitation in the solution, followed by re- 
moval of unincorporated colored substance from 
the exterior of the sac. Further details with respect 
to the preparation of liposomes are set forth in U.S. 

75 Pat No. 4.342,826 and PCT International Publica- 
tion No. WO80/01515, both of which are incor- 
porated by reference. 

Detectable substances may also be attached or 
covalently linked to the surface of the liposome 

20 using surface chemistries known to those skilled in 
the art and similar to the way antibodies are coup- 
led to liposomes as described in Example 1. Lipo- 
somes may also be prepared using a lipophilic dye 
included in a bilayer by dissolving the lipophilic 

25 dye with the other film components in the prepara- 
tion of the film which is swollen to make the 
liposomes. 

Procedures for coupling the specific binding 
portion or ligand with a particulate label are well 

30 known in the art. Such techniques include absorp- 
tion, covalent bonding, derivatization. activation, 
and the like. In producing a tracer where the spe- 
cific binding portion is labeled with a sac, the sac 
may be produced from a component which has 

35 . been derivatized with the specific binding portion 
whereby the sac when produced is sensitized with 
a specific binding portion. In another procedure, 
the sac including a colored substance may be 
initially formed, followed by sensitizing the sac with 

40 the specific binding portion by procedures known 
in the art. 

In forming a tracer, a sac may be coupled to a 
ligand by the use of an appropriate coupling or 
spacer compound which does not destroy the im- 

45 munoreactivity of the ligand. Alternatively, the sacs 
may be coupled directly to the- ligand by proce- 
dures known in the art. The sacs may also be 
sensitized with the ligand by either coupling the 
ligand to one of the materials to be used in forming 

50 the sacs or by coupling the ligand to the sacs after 
they are formed. - 
In assays, the binder is a binder for both an- 
alyte and tracer, or a binder is a binder for only 
one of the analyte and tracer, with the type of 

55 binder which is employed being dependent upon 
the assay which is to be used for determining the 
analyte. Thus, for example, if the assay is a sand- 
wich assay, the binder is a binder for only the 
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analyte. In this type of assay, the tracer is specific 
for the analyte so that tracer is bound to analyte 
which binds to binder. In an inhibition assay or 
connpetitive assay, the binder is specific for both 
tracer and analyte. In this type of assay, the pres- 
ence of analyte inhibits the binding of tracer to the 
binder. Thus, the tracer, for exannple, when bound 
to the solid support is either directly bound to the 
binder on the support or is bound to analyte which 
is bound to binder on the solid support. 

It has been discovered that encapsulating more 
than one dye, in different sacs or in the sanne sac, 
increases the usefulness of labeled sacs in per- 
forming immunoassays. 

Referring now to the figures, in one embodi- 
ment shown in Figure 1. a first liposome is con- 
jugated with a first antibody to antigen A. The first 
liposome (10) encapsulates a first dye (11) and 
bears a detectable marker (12) on its surface, for 
example, a hapten or determinants (epitopes) on 
the antibody itself. The first liposome is conjugated 
with an antibody (13) to an antigen (14). A second 
liposome (15) is conjugated with a second antibody 
(16) specific to the marker (12) on the first lipo- 
some (10). The second liposome encapsulates a 
second dye (17) which is different from, and prefer- 
ably complementary to, the first dye. When the first 
and second liposomes are used in a tracer In an 
assay, there is enhancement of the signal for anti- 
gen A with no confusion between reagents. The 
detection of antigen A results in a different color 
than either of the solutions. 

In another embodiment shown in Figure 2, two 
different antigens represented by (20) and (21), are 
detected, simultaneously using a mixture of . lipo- 
somes which encapsulate- different dyes: A first 
antibody (22) to antigen (20) is conjugated with a 
liposome (23) encapsulating a first dye (24). A 
second antibody (25) to antigen (21) is conjugated 
with a liposome (26) encapsulating a second dye 
(27). The presence of either antigen (20), antigen 
(21) or the presence of both antigens (20) and (21) 
can be detected by the generation of a different 
color* for each case. The assay may be carried out 
on a support such as nitrocellulose using a single 
reagent mixture. Through a choice of dyes, essen- 
tially any color can be produced. 

In yet another embodiment Illustrated in Figure 
3, an antibody, antigen or hapten (30) which binds 
to its counterpart (34) is conjugated with a lipo- 
some (31) encapsulating a minimum of two dyes 
(32) and (33). This allows for the provision of lipo- 
somes of any desired color through the choice of 
dyes which complement each other. In instrumental 
analysis, analyte can- be detected by simultaneous 
measurement at more than one wavelength, result- 
ing in greater discrimination of signal above noise. 
In addition, adequate signal will be generated from 



dyes which would not have sufficient absorbance if 
encapsulated singly. 

The use of more than one dye allows many 
variations. Complementary colored dyes can be 

5 balanced with respect to absorbance across the 
visible spectrum, resulting in a black hue. Alter- 
nately, a first liposome encapsulating a first dye 
can be used to both saturate non-specific sites and 
provide a color background. Binding of a second 

70 liposome encapsulating a second balancing dye at 
specific sites can result in a black color so that 
contrast at specific sites and signal are increased. 

EXAMPLE 1 

75 ^ 

TRACER PREPARATION 

A. Liposome Preparation 

1 . To a 2000 ml round-bottom rotoevaporator 
20 flask, add: 

a: 1.018 grams cholesterol (Sigma CH-PL) 
b: 1.88 grams distearoyi phosphatidyl- 
choline (Avanti Polar Lipids 3850365) 
c: 206 mg distearoyi phosphatidyl glycerol 

25 (Avanti Polar Lipids) 

d: (75 mg crosslinking agent - ((N-mal- 
eimido)caproyl-distearoyl 
phosphatidylethanolmine; Beaton Dickin- 
son Advanced Diagnostics, Baltimore, 

30 MD) 

e: 1 50 ml chloroform (Fisher) 

2. Swirl to mix. ^ • . 

3. Place on rotoevaporator with the^following 
settings: .-i. 

55 ^ Water bath temperature = 40r C 

* Rotation speed = 4 ^ ' - - * - ■ ' ' 

4. Slowly increase vacuum until a film forms. 

5. Reduce pressure to 200 millibar. Allow to 
' rotate at a medium rate for "30 minutes. 

40 6. Lyophilize overnight. - 

7, On a rotoevaporator add 150 ml distilled' 
water and rotate at 60 • C without vacuum 
until the lipid film is in suspension. 

8. Shell freeze in a dry ice/methanol bath. 
45 9. Lyophilize to a dry powder. 

B. Preparation of Liposome Particulate Labels - 
Single Dye 

1 . Prepare colored solution of: 

a. Sulforhodamine B (5.6% 
50 (weight/volume) in 5 mM sodium acetate-5 

mM EDTA pH 4.5). 

b. Light green SF yellowish (20% 
(weight/volume) in 5 mM sodium acetate-5 
mM EDTA pH 4.5). 

55 2. To two 80 mg. amounts of liposome pow- 

der as described, in Example 1A, 10 ml of 
colored solutions Sulforhodamine B and Light 
Green SF Yellowish are separately added. 
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Warm the liposome/dye suspension at 60 'C 
for 30 minutes with intermittent shaking. 

3. Separately extrude the two warm liposome 
preparations through 1.0 um, 0,4 um, and 
then 0.2 um polycarbonate membranes 
(Nuclepore). 

4. Separate free colored material from the 
liposome suspensions on Sepharose 6 Fast 
Flow chromatography columns (Pharmacia) 
equilibrated in 50 mM sodium acetate buffer 
pH 4.5 with 1 mM EDTA and 50 mM NaCI. 

5. Separately store the two dye-encapsulated 
liposome preparations in the buffer specified 
in step 4. 

C. Coupling of Liposome Particulate Label to 
Specific Binding Species: Green Particulate La- 
bel 

1 . 0.8 mg goat anti-biotin (Sigma) was dia- 
lyzed against phosphate buffered saline (pH 
7.4). 

2. React with 3-(2-pyridyldithio)propionic acid 
N-hydroxysuccinimide ester (SPDP) (Sigma) 
at a 3:1 molar ratio of SPDP:antibody for 30 
minutes at room temperature with stirring. 

3. Add 1/10th volume 1M sodium acetate pH 
4.5 and stir for about 20 seconds. 

4. Add 1/100th volume 1M dithiothreitol and 
stir at room temperature for 30 minutes. 

5. Remove dithiothreitol by passing the reac- 
tion volume over a Sephadex G-25 medium 
column equilibrated with Tris buffer (50 mM 
Tris, 50 mM sodium acetate, 50 mM NaCI, 1 
mM EDTA, pH 8.0). 

6. Monitor the O.D, 280 and pool fractions 
containing protein. 

7. Adjust the pH of 4 ml of the gVeen lipo- 
somes prepared above in B to 8.0 with 1 M 
Tris, pH 10. Mix the antibody pool with the 
liposomes at a coupling ratio of 1 mg de- 

^ ^- rivatized antibody: 40 u moles Pi. 

8. React overnight at room temperature. 

9. Separate coupled product on Sepharose 6 
Fast Flow chromatography column 
(Pharmacia) equilibrated in 30 mM 3-[N- 
morpholino]-2-hydroxypropanesulfonic acid 
(MOPSO) - 10. mM EDTA - 0.2% sodium 
azide - 0.05 % dimethylsulfoxide (DMSO) - 
1.8%. glycerol - pH 6.8. 

10. Collect and pool void volume fraction. 

1 1 . Store at 4 • C. 

D. Coupling of Liposome Particulate Label to 
specific Binding Species: Sulforhodamine B Par- 
ticulate Label 

1 . 0-6 mg Affinity purified rabbit antibody to 
Group A Streptococcus (n- 

acetylglucosamine-agarose column) Is dialyz- 
ed against phosphate buffered saline (100 
mM, pH 8). 



2. React with SPDP (Sigma P-3415) at a 
molar ratio of 3:1 (SPDP:antibody) for 30 
minutes at room temperature with stirring. 

3. Add 1/100th volume of 1M dithiothreitol 
5 and stir for 60 seconds. 

4. Add 1/1 0th volume of 1M sodium acetate 
pH 4.5 and stir for 30 minutes. 

5. Remove dithiothreitol by passing the reac- 
tion volume over a Sephadex G25 column 

10 equilibrated with Tris buffer (50 mM Tris, 50 

mM sodium acetate. 50 mM NaCI, 1 mM 
EDTA. pH 8,0). 

6. Monitor the absorbance at 280nm and pool 
fractions containing protein. 

75 7. Adjust the pH of sulforhbdamine-containing 

liposomes (described above in B) to 8.0 with 
1 M Tris pH 10. Mix the antibody pool with 
the liposomes at 1 mg derivatized antibody 
per 20 umoles phosphorus. 

20 8. React overnight at room temperature. 

9. Separate coupled product from free anti- 
body on a Sepharose 6 Fast Flow chromatog- 
raphy column (Pharmacia) equilibrated with 
MOPSO-glucose buffer (30 mM MOPSO-10 

25 mM EDTA-0.2% sodium azide-0.05% DMSO- 

1.2% glycerol-100 mM glucose, pH 6.8.) 

10. Collect and pool void volume fractions. 

11. Store at 4* C. 

30 EXAMPLE 2 
ASSAYS 

The tracers prepared in Example 1C (anti-biotin 
35 antibody conjugated with light green liposome) and 
Example ID (anti-Group A Streptococcus -antibody - 
conjugated with Sulforhodamine B liposome) were 
tested against the antigens blotih and .group A 
Streptococcus. The biotin antigen was attached to 
4o nitrocellulose paper by means of biotinylated anti- 
body (2 uL, 20 ug/ml in 0.1% blotto in 0.1 M 
sodium phosphate, pH 7). Group A Streptococcus 
(2 M.L, heat-killed, with 0.2% sodium aside preser- 
vative) was attached to the nitrocellulose mem- 
45 brane by means of anti-Group A Streptococcus 
antibody. 

The assay procedure was as follows: 
A. 

1. Three drops (approximately 150 ul) of the 
50 solution containing anti-Group A Streptococ- 

cus - sulforhodamine B liposome tracer (0.87 
umP/ml) were added and allowed to flow 
through to the test area of Group A Strep- 
tococcus. 

55 The test area was then washed by the 

addition of three drops of wash buffer {1M 
guanidine HCI buffer, pH 7). . 
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The results were then read by visually 
observing the presence of a distinctive pink 
color on the test area. A strong positive pink 
signal resulted. 

2. Three drops (approximately 150ul) of anti- 
biotin-light green liposome tracer (0.6 
umP/ml) were added to the test area dotted 
with biotinylated antibody on top of a 0.8 um 
pad and allowed to absorb. 

The test area was then washed with 1M 
guanidine HCI buffer. 

The results were read by visually observ- 
ing the presence of a distinctive green color 
on the test area. A strong positive green 
signal resulted. 
B. Mixed liposomes 

Equal amounts of the anti-Group A 
streptococcus-sulforhodamine B liposome tracer 
prepared in Example 1 D and the ahti-brotin-light 
green, liposome tracer prepared in Example 1C 
were mixed. The mixture appeared bluish-pur- 
ple. . 

The liposome mixture was split in half. Half 
the volume (150ul) was used in an assay for 
Group A Streptococcus as described in Example 
2(B)(1) above. Pink signal only developed. 

The other half of the mixture (ISOul) was 
used in an assay for biotin. as described in 
Example 2(B)(2) above. Green signal only devel- 
oped. 

This experiment showed that individual 
specificities and colors can be pulled out of a 
liposome mixture to differentiate between an- 
alytes. 

EXAMPLE 3 . - ■ ■ 

TRACER PREPARATION - MIXED DYES 

A. Preparation of Mixed Dyes 

Dye mixtures were prepared in dye buffer 
(5mM Na acetate, 5mM EDTA, pH 4.5). . 

1 . A dye mixture of 20% light green SF yellow- 
ish - 5.6% sulforhodamine B was prepared by 
mixing 4 grams light green SF yellowish, 1.12 
grams, sulforhodamine B and 2 ml 1 0X dye 
buffer with the addition of distilled water to a 
volume 20 ml and stirring at room temperature. 
The pH was adjusted to 4.5. 

2. A dye mixture of 6% chrome azurol - 0.1% 
sulforhodamine B - 1 .65% light green SF yellow- 
ish was prepared by mixing 1.2 grams chrome 
azurol S, 0.02 grams sulforhodamine B, 0.33 
grams light green SF yellowish and 2 mi 1 0X 
dye buffer with the addition of distilled water to 
a volume of 20 ml with stirring at room tempera- 
ture. The pH was adjusted to 4.5. 



The dye mixtures were separately filtered 
through Falcon bottle top filters which had been 
washed with 100 ml distilled water. The osmolality 
of the 20% light green - 5.6% SRB was 752 
5 mOsm. The osmolality of the 6% chrome azurol - 
0.1% SRB - 1.65% light green was 418 mOsm. 

B. Tracer Preparation 

70 1. Two separate 80 mg portions of the frozen 
liposome powder prepared in Example 1A were 
weighed out into separate 50 ml conical tubes. 

2. To one liposome portion was added 10 ml of 
the dye mixture of Example 3A(1), to the other 

75 liposome portion was added 10 ml of the dye 
mixture prepared in Example 3A(2) 

3. Swirl to dissolve. 

4. Warm at 60 • for 30 min. 

5. Each of the two liposome preparations was 
20 separately extruded through I.Oum, 0.4y.m then 

0.2um membranes (Nucleopore PC membranes 
47mm: #11110, #1 1 1 107 and #111106* respec- 
tively) then warmed and reextruded through a 
fresh 0.2 um filter. . 
25 6. Buffers for the Sepharose 6 Fast Flow col- 
umns were prepared by adjusting the osmolality 
of the column wash buffer with glycerin to the 
osmolality of the dye mixtures. 

a. For 6% chrome mixture: . 

30 Added about 5 ml glycerol to 500 ml 

column wash buffer (pH 4.5) to adjust to 400 
± 50 mOsm. 

b. For light green - SRB mixture: 

Added about 8 ml glycerol to ^500 ml 
35 column wash buffer (pH 4.5) to adjust to 700 

± 50 mOsm. ; , . .J,, • . , 

A Fast Flow column was equilibrated with 
each buffer. 

7. The separate ■ liposome preparations were 
40 separated from free dye on the Fast Flow 

Sepharose 6 cplumns. 

8. After this, separation, uncoupled liposomes 
were pooled in separate groups for the tvyo dye 
mixtures. 

45 , . 

EXAMPLE 4 

SPECTRAL SCAN OF ENCAPSULATED MIXED 
DYES 

50 

. Liposomes prepared in Example 3 and contain- 
ing light green SF yellowish - Sulforhodamine B 
dye mixture were diluted 1:50 In 0.5% sodium 
dodecyl sulfate (SOS) and warmed at 58' C. for 30 
55 minutes. 

Dye Mixture of light green SF yellowish -.sul- 
forhodamine, B as prepared in Example 3 was 
diluted 1:8000 In phosphate buffered saline (PBS). 
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pH 7.5, and in 0.5% SDS. 

Liposomes prepared in Example 3 and contain- 
ing chrome azurol-sulforhodamine B dye mixture 
were diluted 1:13.5 in 0.5% SDS and warmed at 
58 " for 30 minutes. 5 

Dye mixture of chrome azurol-sulforhodamine 
B dye as prepared in Example 3 was diluted 
1:1000 in PBS, pH 7.5 and in 0.5% SDS. 

Each dye mixture and each lysed liposome 
preparation was scanned from 340 nm to 700 nm io 
using a Beckman DU7. Results are shown in Fig- 
ures 4-8. Figure 4 shows the scan of the lysed 
liposomes containing light green - SRB. Figure 5 
shows the Si^an -of the light green - SRB dye- 
mixture alone. Figure 6 shows the scan of the 75 
lysed liposomes containing chrome azurol - SRB - 
light green. Figures 7 and 8 show scans of the 
chrome azurol - SRB - light green dye mixture in 
PBS and in 0.5% SDS, respectively. The corre- 
spondence of the scans of dye mixtures alone to 20 
liposome preparations shows that the dye mixtures 
were successfully encapsulated by the liposomes 
and that each dye can be separately identified in a 
mixture of dyes. 

While there have been described what are 25 
presently believed to be the preferred embodi- 
ments of the invention, those skilled in the art will 
realize that changes and modifications may be 
made thereto without departing from the spirit of 
the invention, and it is Intended to claim all such 30 
changes and modifications as fall within the true 
scope of the invention. 

Claims 

■ - . . ■ 35 

1. A process for a^sfaying for at least ohe analyte 
comprising: 

contacting a binder on a solid support, 
under assay conditions, with at least one an- 
al yte and a tracer, said tracer comprised of at 40 
least one particulate label connected to at least 
one ligand, the particulate label including at 
least one detectable substance, said tracer be- 
ing comprised of at least two detectable sub- 
stances; and 45 

detecting said substances alter the tracer 
is bound to the binder or at least one analyte 
bound to the- binder. 



4. The process of Claim 1 wherein the particulate 
label comprises a sac. 

5. The process of Claim 4 wherein the sac is 
selected from the group consisting of lipo- 
somes, microcapsules, and stabilized colloidal 
particles. 

6. The process of Claim 1 wherein the tracer 
includes at least two different ligands labeled 
with particulate labels containing a detectable 
substance, each different ligand labeled with a 
corresponding different detectable substance. 

7. An assay composition for use in the process of 
Claim 1, the composition comprising a tracer 
comprised of at lest one particulate label con- 
nected to at least one ligand, the particulate 
label including at least one detectable sub- 
stance, said tracer being comprised of at least 
tow detectable substances. 

8. The composition of Claim 7 wherein the par- 
ticulate label comprises a sac. 

9. The cornposition of Claim 8 wherein the sac is 
selected from the group consisting of lipo- 
somes, microcapsules, and stabilized colloidal 
particles. 

10. The composition of Claim 7 wherein the tracer 
includes at least two different ligands labeled 
with particulate labels containing a detectable 
substance, each different ligand labeled with a 
corresponding different detectable substance. 



2. The process of Claim 1 wherein the analyte 
and tracer are sequentially contacted with the 
binder. 



so 



The process of Claim 1 wherein the analyte 
and tracer are simultaneously contacted with 
the binder. 
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FIG- 6 
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FIG-7 
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FIG-8 



PEAK 


PICK 


" X 


Abs 


635.0 


0.891 


579.0 


0.346 


427.0 


1.640 




- 2.000 



-1.6000 



1.2000 



ABSORBANCE 



T 1 ' I 

340 412.0 484.0 556.0 628.0 700 
WAVELENGTH (nm) 



14 



